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Vegetative cover measurements made from aerial photographs of central Missouri min€ between 1938 and 1976 indicate revegetation in hilly, acidic mines tends
to follow a logistic pattern (r = .97) and hence, it can be relatively fast ( 90% cover in 32 to 100 yr), contrary to previous predictions.
Fine-grained analysis of island communities showed mutual exclusion of woody and herbaceous species, which suggests plants themselves might slow the successional process.
Litter samples placed on the ground within ahd outside herbaceous vegetation had rapid loss of weight and radioactive carbon (t e 1 yr) during the latter part of 1976. Artificial habitat islands consisting of sections of prairie hay bales were established in two mines. Preliminary evidence from one set of hay islands suggests that peveral prairie species became established in . about 25% of the units after 1 yr. A brief description of these areas and specific sites within them are presented below.
Region I: Central Missouri
This area consists of two sets of surface mines. Those in the southern part are mostly old, pre-1970 mines, whereas those in the northern part are mostly small, active mines.
Eleven permanent study sites are located in privately owned, orphaned surface mines along the Boone-Callaway Co. border. They were chosen for initial and pilot studies because they could be conveniently visited on a day-to-day basis.
No permanent study sites have been established in active minesof Region I for several reasons. Most of them are too small (less than 5 ha.) for operators to put aside an area for natural revegetation.
Furthermore, most of them are located in upland forests, which contradicts our emphasis on grassland re-establishment.
Region II: .Western Missouri
West Central Missouri is the state's leading coal producing district.
It has experienced large scale mining on almost a continuous basis since c-0 0 -175 S -2
., CA f re 1 e.*-51. This work has been hampered by the abrupt changes in weather that cause a shift in location of the "greasy" area of low pH, and of course does not permit an analysis of microbial changes from the fresh condition.
Accordingly, an artifical "spoil" his been set up in an environment room with a constant temperature of 30 degrees Centigrade under a 12 hour period of light followed successively by a 12 hour period of darkness.
A fresh sub-soil-shale-coal "mix" has been prepared from newly excavated components obtained at a coal excavation site near Harrisburg, Mo., presently mined by the Columbia Coal Company. One-hundred pounds of mix were prepared, and moisted with diluted lagoon water from the old Callaway spoil. The mix comprised 1 part powdered coal, 2 parts pulverized shale (the stratum immediately above the cohl seam), and 4 parts of the overlying sub-soil. These components were passed through a sieve·to remove coarse material, moisted with the lagoon water as inoculum and formed in a conical mound in a plastic tray 32 inches in diameter. The mound, called A, was 12 inches high and was kept moist by daily additions of distilled water to the tray at a 3 to 4 inch depth.
The mound acted as a "wick"; the evaporation rate from the mound and water "lagoon" in which it lay was approximately 1.5 liters per day.
A second 100 pound mound, called B, was prepared f rom the same "mix" ' on the dame day with the same old spoil inoculation, but containing an addition of 5 pounds of calcium carbonate, and served for comparison.
2) Terrestrial Plants
The floristics of strip mined areas in Regions I and II are being .t studied on a regular basis. As described in the previous progress report, three types of information are being collected.
a) The first is a regional flora of three habitats:
the surface mines, a relatively undisturbed native habitat, and a disturbed, old field successional habitat. This is being done in order to compare I / succession in surface mines to two well studied habitat types. Hence, much of the information for outside the mines is obtained from literature citations. We plan to complete this type of comparison in Region I
by April and we have commenced upon a similar analysis in Region II.
b) The second study concerns the gross spatial floristics in entire mines. As described in detail last year, we use low scale aerial photographs and a novel application of a leaf area meter to ascertain total vegetative cover in mines. We are also examining the affect of slope,aspect, and degree of isolation upon the relative distribution of plants in a mine. To check the accuracy of this method, a series of ten or more 30 by 30 m quadrats are chosen at random in the mines and ground-truth data are obtained.
Using a television camera interfaced with a computer, we plan to categorize individual habitat islands according to size, frequency, and spatial distribuion. This analysis will permit us to decribe past changes in vegetation in orphaned mines and to project future ones with some confidence.
We intend to finish the manual phases of this analysis in Region I COO-27 58-2 Carrel et al. 
3) Terrestrial Arthropods
During June -August 1976 we continued to collect cursorial and arborial arthropods in Region I strip mines. The methods employed are described in the original proposal.and the previous progress report.
Because most of our effort and interest is focused on plants and microbes, we have not been able to sample and process arthropods on a routine basis. Currently this situation is being improved and in March we intend to resume routine sampling of cursorial arthropods in mines of Region I. Most of this information will be applied to habitat island studies described in the ensuing section.
d) Measurement of Plant Nutrient and Energy Flux
The study of plant litter decomposition and organic matter turnover Several arbitrary decisions had to be made, since every parameter could not be examined on this first try with an artifical "spoil". First (a fortunate decision) it was decided not to provide an artifical rain, but to allow the mounds to stand simply in contact with the water in the tray.
Second (a less fortunate decision) was to sample at a constant height on the mound, mid-way between the " shore", that is the water level at the base of the mound, and the summit. The reason these choices have been designated fortunate and unfortunate, respectively, will become apparent below.
In addition to microbial assays, the pH of the soil and water was determined periodically. Also, microscopic examination of the water "lagoon" for infusiora was carried out, and of course, a search for any gross changes in the soil and water were undertaken. Initially the pH of the water and soil in both mounds was erratic, varying between 7.6 and 7.9.
After two months the soil pH of mound A, the mound lacking added calcium carbonate, had dropped to the range of 6.5, and thiosulfate-oxidizing bacteria were routinely isolated from plates at pH 7.
A striking change occured in mound A by the third month. A white, frosty crust appeared on the soil surface just above the sampling site, that is on the top half of the mound. It continuously increased in mass and samples were periodically collected. Reconnaissance analyses were made on this frosting. X-ray powder diffraction revealed the principle salts were magnesium sulfate heptahydrate (Epsom salt) and magnesium, with .
some sodium and calcium, with traces of nickle, cobalt, manganese, strontium, and copper. The dominant anion, of course, being sulfate. Periodically, At the end of the fourth month a change occurred in the crust of mound A. Near the summit of the mound, rusty-red-brown discoloration, presumably due to iron, appeared and this comi,onent of the frosting has increased with time. To date (January, 1977, the eighth month), no such discoloration has appeared in the frosting of mound B which has retained its original PH in the range of 6 -7. · One may tentatively surmise that this difference is because the pH within mound B has remained high (low acidity). The rusty frosting on A has been collected for future assay.
There is no information as to its composition at the present time. The PH of the soil at the sampling site and the pH of the water of the lagoon remained around 6 to 6.5. Suddenly at the seventh to eigth month, the pH at the sampling site on mound A dropped to 4.5. This lead to speculations as to why the rusty coloration appeared only near the summit ', and whether the pH might be different at different heights. Soil pH in the rusty frosting area was found to be as low as 2.51 Yet the bacterial (Table 2) . COO-27 58-2 Carrel et al. -15 February, 1977 abandoned pasture at a local nuclear reactor site. This is evident when one examines the number of shared species (Table 3 ) and the index of species similarity (Table 4 ). The data suggest the two disturbed habitats are more similar to each other than to an undisturbed prairie. Furthermore, as one might expect in Region I, the flora of the mines is relatively high in woody species and depauperate in herbaceous ones, which suggests the mines are slowly 'turning into forests.
-- COO-2758 -2 Carrel et al. -17 February, 1977 Additional data on the amount of vegetative cover in ten orphaned mines of different sizes and ages in Region I were obtained in 1976.
Two sources were used. More aerial photos taken at different years were purchased from the U. S.G. S. Also, in May and July we flew our own missions using a motorized Hasselblad camera fitted with a planar lens that was vertically mounted in the belly of a single engine plane. The result was at least seven measurements of cover for each mine, and in most cases ten were available.
originally we hypothesized that revegetation of barren mines· should I follow a logistic, or S-shaped curve. Our data support this idea (Figure 2) .
we reject the preliminary conclusions in last year's progress report.
Logit transformation of the cover values through time from ten 1 old strip mines (Figure 2 ) yields a good fit (r = 0.97) and this regression analysis gives a significantly better fit (p < 0.05) than most conventional transformations. More importantly, the time needed to achieve an acceptable level of ground cover ·in hilly, acidic mines seems to be surprisingly short.
For ten mines which have areas ranging from 4 to 30 ha., we project that 50% ground cover is reached in about 27 to 62 years and 90% cover is attained in 32 to 100 years. Area has a negative affect, but 'it seems to be important only in smaller mines (Figure 3) .
A more complete discussion of this material is being prepared for publication in April. Area of Mine (ha) We find two very distinct sorts of habitat islands in old, orphaned mines.
The distinction is based on whether woody or herbaceous species Our preliminary results
14
show that losses are occurring in both dry weight and C-radioactivity and at a relatively rapid rate compared to steady state systems found in grasslands during the International Biological Programme. Weight losses in the present study were greater in the vegetated areas, while the reverse was measured for carbon-14 losses. It is suggested that the presence of higher plants provided an environment for faster decay based on the probability of endemic microfloras, whereas barren areas may lack a microbial community. Thus, carbon-14 losses may reflect simply a physical leaching process of greater intensity than under vegetation. Based on the exponential decreases in both weight and the radioisotope: The data in Table 5 based on three years of observation of Grassland IBP sites are submitted for comparision. The general patterns of decay rates for stable grassland communities which illustrate correspondence in climatic trends as well, compared to marked departures with strip mine data suggest intra-habitat factors are involved in the latter with which we are unfamiliar at the present state of knowledge.
Clearly more data are needed to better understand the turnover process -27 --February , 1977 to the potential invasion zones from outlying sites. No assessment wasmade of the said fauna or of the microbial populations. These will be described and quantified during the '77 season.
These preliminary data would suggest that the creation of artificial islands or refuges of food, cover, and seed availability can accelerate the successional process and shorten the time to achieve biotic equilibrium. Ramifications of these site modifications should be explored, including minimal applications and most effective spacing to maximize the invasion and establishment potential. 
